Introduction
Salmonella enterica is causing particular concern because of its increasing prevalence and resistance to multiple antibiotics, with mostly animal-borne serovars being multidrug resistant (AlvarezFernández et al. 2012; Ngoi & Thong 2013; Sanpong et al. 2010; Singh et al. 2010) . Salmonella enteritidis is one of the most prevalent serovars with an increased display of antimicrobial resistance globally (Hendriksen et al. 2011; Okeke et al. 2007; Parry 2003) . It is currently the world's leading cause of non-typhoidal salmonellosis (Centers for Disease Control and Prevention [CDC] 2011; Ngoi & Thong 2013) , predominantly associated with eggs, egg products, poultry, the farm environment and cross-contamination of other foods from eggs (Perry & Yousef 2012) . It has adapted to be host specific and is still a major public health risk in developing nations (Betancor et al. 2010; Okeke et al. 2007 ).
The epidemiology of Salmonella and its antimicrobial resistome from Africa is underreported (Sow et al. 2007 ). Since 1993, annual reports from the Central Veterinary Laboratory (CVL), Harare, indicate that the isolation frequency of S. enteritidis is increasing in chickens and other animal species, with an concomitant rise in the number of cases of human gastroenteritis in which the bacterium was isolated from faecal cultures (CVL 2001; Makaya et al. 1998 ). An increased occurrence of S. enteritidis in both large-scale commercial (LSC) poultry and small-scale commercial (SSC) poultry is most likely a reflection of an increase in flock prevalence in Zimbabwe (Matope, Makaya & Pfukenyi 2012) . However, the implementation of control programmes in many countries, including Zimbabwe in the 1970s and 1980s, significantly reduced infection in poultry (Matope et al. 2012 ). An emergence of S. enteritidis was noted post-1998 (Makaya et al. 1998) . In South Africa, the incidence of S. enteritidis escalated after the first poultry-associated outbreak in 1991 (Mare 1997) , reaching an incidence rate of 9.3% (223 incidents) between 1996 and 2006 (Kidanemariam, Engelbrecht & Picard 2010) .
As a consequence of the extensive use of antibiotics, especially in livestock production, surveillance networks have indicated that the incidence of human salmonellosis caused by antimicrobial resistant salmonella is rising in many countries (Breuil et al. 2000; (Tamma, Cosgrove & Maragakis 2012) . In this study, S. enteritidis animal isolates from different timelines were characterised and genotyped by antimicrobial susceptibility testing and plasmid profiling to map the bacterium's resistome profile and reveal its evolutionary pattern over time.
Methodology Sample collection
A total of 37 stored S. enteritidis animal isolates were obtained from the CVL, Harare. The S. enteritidis isolates had been previously isolated and serotyped before preservation. They comprised seven freeze-dried isolates from 1972, 10 isolates from 1998, 10 from 2000 and 10 from 2005 which were cryopreserved in glycerol.
Antimicrobial susceptibility testing
Salmonella enteritidis isolates were subcultured overnight at 37 °C and microbial suspensions were made with the turbidity of the actively growing suspensions adjusted with sterile saline to obtain turbidity optically comparable to the 0.5% McFarland's standard for inoculation. The disc diffusion assay was used to determine antibiotic susceptibility of the isolates on Mueller Hinton agar (Oxoid, Basingstoke, Hampshire, UK). Each isolate was tested for antibiotic susceptibility using a panel of the following antibiotics: ampicillin (10 µg), gentamicin (10 µg), chloramphenicol (30 µg), erythromycin (15 µg), nalidixic acid (30 µg), kanamycin (30 µg), sulphamethoxazole-trimethoprim (25 µg) and tetracycline (25 µg). All antibiotic discs were from Oxoid (Basingstoke, Hampshire, UK). The plates were incubated at 37 °C for 24 h, and inhibition zones were measured. The results were interpreted according to Clinical and Laboratory Standards Institute guidelines (CLSI 2007) . Escherichia coli (ATCC 25922) was used as a reference strain in all tests.
Plasmid isolation
Overnight cultures of S. enteritidis isolates were prepared in 5 mL nutrient broth (Sigma-Aldrich, St Louis, USA). Plasmid isolation was carried out using the GFX Microplasmid Preparation Isolation Kit (Amersham Biosciences, Uppsala, Sweden) with the isolated plasmids electrophoresed on 0.7% agarose gel and viewed using a Kodak Gel Logic 100 imaging system (Eastman Kodak, Rochester, New York, USA). V517 and 39R861 E. coli strain plasmids were used as plasmid markers.
Data analysis
The statistical analysis of the results obtained was performed using Microsoft Excel 2007 (Microsoft Corporation, Redmond, Washington, USA). Data were statistically analysed using one-way analysis of variance (ANOVA) to assess statistical variance between the obtained mean zones of inhibition across the different years of isolation relative to the panel of antibiotics. The results were considered to be statistically significant (p ˂ 0.05) above a 95% confidence level.
Results

Antimicrobial susceptibility
The S. enteritidis isolates studied showed different antimicrobial susceptibility patterns across the different timelines (Table 1) . Total susceptibility was observed for nalidixic acid in samples from 1972, kanamycin in samples from 1998, and both nalidixic acid and tetracycline in samples from 2000, with no significant trend across the timeline (Table 1) . However, the isolates were significantly susceptible to sulphamethoxazole-trimethoprim, gentamicin, kanamycin and chloramphenicol across the timeline. There was a significant increase in ampicillin resistance (14.3% -50%) from 1972 to 2005 (Table 1) . Similar increases were observed for nalidixic acid (0% -10%), tetracycline (14.3% -30%) and erythromycin (71.4% -100%) over the same time period.
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Plasmid profiles
Of the S. enteritidis isolates tested, 86.4% harboured plasmids similar in size and distribution. Each isolate had a different plasmid content, although with variation in the plasmid profile, and some profiles were shared across the different timelines (Table 2) . A minority of isolates (27%; 10/37), harboured only one plasmid, and 78.4% (29/37) harboured a 54 kb plasmid that corresponds with the serovar-specific (enteritidis) 55 kb plasmid which has been found in several S. enteritidis isolates (Helmuth et al. 1985) . Forty-eight percent of the isolates harboured two plasmids, and only four isolates harboured three plasmids. A total of 11 different plasmid profiles (PP) were identified amongst the 37 isolates studied (Table 2) .
Discussion
Antimicrobial susceptibility profiles
In this study, a total of 37 stored S. enteritidis veterinary isolates were obtained from the CVL, Harare. The isolates showed a relatively high susceptibility to all the antimicrobials; this could be indicative of low resistance strains circulating in animals. This was similarly observed by Matope et al. (2012) . Overall high susceptibility to gentamicin was observed across the timelines (Table 1) . A similar susceptibility to gentamicin was reported in other parts of the world (Breuil et al. 2000; Cardoso et al. 2006; Ribeiro et al. 2007) , even with S. enteritidis human isolates in Spain in 1998 (Cruchaga et al. 2001) . Given the reports, gentamicin conclusively remains effective against Salmonella infections. Additionally, a maintained high susceptibility of all the isolates across the timelines to sulphamethoxazole-trimethoprim, kanamycin and chloramphenicol supports their continued therapeutic use regardless of the overall increase in resistance.
A slight increase in resistance (0% -10%) to nalidixic acid for the period 2000-2005 was observed (Table 1) . This is similar to other reports of an increase in resistance to nalidixic acid from 0.8% to 8.5% (1995) (1996) (1997) (1998) (1999) (2000) in France (Breuil et al. 2000) and from 0.4% to 1.3% (1994) (1995) (1996) (1997) in England (Threlfall, Rowe & Ward 1999) . This trend was reported to be ascribable to probable cross-resistance between quinolones and commonly used fluoroquinolones (Hwang et al. 2010; Oliveira, Brandelli & Tondo 2006) . Studies have shown that the use of fluoroquinolones contributed to the emergence and dissemination of nalidixic acid cross-resistance in Salmonella amongst food animals (Ngoi & Thong 2013; Parry 2003; Stevenson et al. 2007; Velge, Cloeckaert & Barrow 2005) . In Germany, a similar incidence of quinolone resistance for the period 1986-1998 in salmonella isolated from cattle, poultry and pigs increased in the years following the licensing of fluoroquinolones (Malorny, Schroeter & Helmuth 1999) . However, there is reported quinolone resistance that is chromosomally mediated (point mutation of the gyrase A gene) (Parry 2003) .
A significant increase in ampicillin resistance is rather worrying as the drug is commonly used in the treatment of human salmonellosis. This was similarly observed in Greece, where ampicillin resistance increased from 10% to 52% (1987-1991) (Tassios et al. 1997 ). In addition, some studies have reported high resistance patterns (in animals and humans) in France and Spain (Breuil et al. 2000; Cruchaga et al. 2001) . The fact that 51.3% of the isolates exhibited resistance to two or more antibiotics is of public health concern because of the potential spread of resistant clones, in addition to the development of resistance to first-line therapy drugs. However, further investigation is required to confirm the seemingly high antimicrobial resistance. This percentage was higher than observed in S. enteritidis isolates exhibiting resistance in avian populations in Zimbabwe (25.7%) (Matope et al. 2012) and than observed for South African isolates tested (50%) (Mare, Dicks & Van der Walt 2001) .
The period 1972-2000 saw reasonably controlled and intensified prevention strategies for drug use in the animal and human medical sectors. However, post-2000 saw the emergence of the fast-tracked land reform programme, which led to the economic meltdown and low socioeconomic status of the country. This affected the health system and policy on antibiotic distribution and usage (Asante 2012; Trane & Bate 2005) . This period saw reduced availability of antibiotics to the population (thus increasing demand) and consequently an influx of counterfeit drugs, with antibiotics constituting an important part of the counterfeit medicines (Centre for Public Accountability [CPA] n.d.). With a collapse in legislation and implementation in the health sector, parallel street-market pharmacies were perpetuated with limited and weak deterrent surveillance authorities (CPA n.d.) . This explains the significantly reduced susceptibility observed from 2000 to 2005.
Emergence of multidrug resistance
An overall increase in multidrug resistance (resistance to ≥ 3 antibiotics) (Zurfluh et al. 2013 ) from 14.2% in 1972 to 50% in 2005 was observed (Table 2) . This was greater than the MDR prevalence (12.1%) previously reported by Matope et al. (2012) . The widespread veterinary use of a number of antimicrobials for therapy, prophylaxis or growth promotion (Cardoso 2006; World Health Organization [WHO] 2007) are probable causes. S. enteritidis isolated from diarrheal patients in Zimbabwe showed low MDR (Simango & Mbewe 2000) . Similar low MDR in human isolates was reported for the period 1996-2000 in England and Wales (Oliveira et al. 2006) . Relative to other reported MDR incidences, namely 0.4% (Threlfall 2002) , 21% (Yang et al. 2002) and 16.5% (Oliveira et al. 2006) , the observed increase to 50% in this study is of great concern.
Plasmid profiles
A general inconsistency in distribution of plasmid content was observed in the tested isolates. Transferable genetic resistance factors have been implicated in inducing variable resistance in strains (Olsen et al. 1993) contributing to salmonella evolution (Guard et al. 2011) . Besides the serovarspecific 54 kb plasmid, additional smaller plasmids of lower molecular weight were observed -these have been associated with antibiotic resistance (Brown et al. 1994) .
No specific plasmid profile could be linked to any of the antimicrobial resistance profiles. This shows the unrelatedness of clonal lines even with similar plasmid profiles (Mare et al. 2001; Olsen et al. 1993 ). However, a marked increase in plasmid profiles was observed with increasing multidrug resistance. Unrestricted access to and use of antibiotics influences the acquisition of resistance. This emergence of MDR S. enteritidis strains and possible association with systemic illness is a cause for concern in public health. Further studies are required to determine the nature of these plasmids and to assay for specific resistance genes and the conditions which favour selection of antimicrobial resistance in S. enteritidis isolates in Zimbabwe. There is a need for continual antimicrobial resistance surveillance in Zimbabwe and other developing countries.
Limitations
Potential biases in our study are related to the relatively small sample size of unrelated S. enteritidis field isolates investigated. The lack of other molecular typing strategies (macrorestriction analysis, pulsed-field gel electrophoresis, polymerase chain reaction) limited the conclusion on the relatedness of the isolates and the evolutionary profile of their resistance genes.
Recommendations
Possible horizontal transfer of resistance genes could be speculated, thus more stringent methods for analysis are required to characterise evolutionary events, including an increased sample size of isolates for a definite molecular epidemiological conclusion. Monitored surveillance of Salmonella enteritidis' antimicrobial resistance patterns is required to follow up on emerging resistance, for which the study provides a baseline.
Conclusion
The study reveals an evolution in the antimicrobial resistance profiles of S. enteritidis. An overall increase in antibiotic resistance was shown across the timeline for the S. enteritidis isolates studied, along with an additional increase in multidrug resistance. This calls for the implementation of antimicrobial stewardship, monitoring and control in the veterinary health sector.
